Abstract-Several experiments were conducted to evaluate the influences of restraint stress on cell-mediated immune events in mice. Delayed type hypersensi tivity response to sheep red blood cells was inhibited by the stress, regardless of the timing of restraint stress loading.
The activity of phagocytosis of macrophages in vitro and in vivo were measured by using the zymosan-particle uptake method and the carbon clearance test, respectively. Both activities were decreased in restraint-stressed mice.
The suppressed carbon clearance rate in stressed mice, however, was recovered by the transfusion of serum from normal mice. Natural killer activity in spleen cells was decreased to 30-50% of the control in stressed mice. However, no suppressor cells which could inhibit NK activity existed in the spleen from stressed mice. These results show that the restraint stress suppresses various kinds of cell-mediated immune events, which might play an important role in anti tumor immunity. published (9). However, these data only showed about the correlation between stress and tumor growth, not the mechanisms of these phenomenon.
It has been pointed out that reduced cell mediated immunity may facilitate growth of tumors or metastasis (10-12). So in order to clarify the mechanisms of facilitation of tumor growth and metastasis by stress loading, we investigated the activity of cell-mediated immunity such as delayed type hypersensi tivity (DTH) response, natural killer (NK) activity and phagocytic functions in stressed mice. In the present paper, we described the changes of cell-mediated immunity by restraint stress, and the mechanisms of stress-induced growth of tumors were discussed. 
Materials and Methods

Results
Effect of restraint stress on the DTH response:
Mice were stressed prior to im munization with SRBC. In restrained mice, the DTH response to SRBC was significantly reduced at 24 hr post challenge (Fig. 1A) . Similar results have been obtained when the mice were stressed after immunization (Fig. 1 B) . These results indicate that the DTH response, not antibody response to SRBC, can be suppressed by restraint stress, irrespective of timing of stress application.
NK activity in spleen cells from restrained mice: NK activity in spleen cells from restrained mice was compared with that from non-stressed control mice. As shown in Fig.  2, N for 30 min. The result are shown in Table 1 . The same number of macrophages were obtained from the peritoneal cavity of control and stressed mice. However, the number of macrophages containing zymosan particles were reduced to 50% of the control in stressed mice. About 100% of the macro phages from control mice ingested zymosan by further incubation for 30 min.
be influenced by some serum factors (17). So we infused 0.3 ml of serum from normal syngeneic mice to stressed ones and measured the carbon clearance rate after 30 min of injection. These data are shown in Fig. 5 . The suppressed rate was recovered to 70% of the control by the infusion of normal serum. Fig. 4 . Suppression of carbon clearance activity in restrained mice. BALB/c mice were fixed in the restraint cage for 12 hr a day for 2 consecutive days. After stress loading, carbon suspension (30 mg/ml) was injected at 0.1 ml/10 g body weight into the teil vein of these mice. The phagocytic index was calculated as described under Materials and Methods. The results represent the mean±S.D. of 4 animals. Significant difference from the control group: *P<0 .05. Fig. 5 . Change of carbon clearance activity after infusion of serum. BALB/c mice were fixed in the restraint cage for 1 2 hr a day for 2 consecutive days. After stress loading, immediately, 0.3 ml serum from syngeneic normal mice were intravenously infused to stressed ones. Thirty minutes thereafter, carbon suspension was injected as described under Materials and Methods. The results represent the mean+S.D. of 4 animals. Significant difference from the control group: **P<0.01.
Significant difference from the non-treated stress group: ~P<0.01. Discussion effector cell in this response. In recent years, a close correlation between the activity of the DTH reaction and that of anti-tumor immunity has been found in many labora tories; that is, Lyt-1 + T"T" cells rather than Lyt-2,3+ T cells have been shown to play a major role in anti-tumor immunity (18 , 19) . So the suppression of the DTH response by restraint stress, which was observed in this study, might be one of the mechanisms of facilitation of tumor growth and metas tasis by stress loading. Both N K activity and phagocytic activity were also suppressed in restrained mice. These cells have been recognized to play an important role in anti tumor immunity and suggested to be activated by Lyt-1 + T cells (17, 20, 21) . So anti-tumor immunity may be influenced by the restraint stress through the various pathways of the suppression.
On the other hand, the suppression of in vivo phagocytic activity was recovered by the infusion of the serum from normal mice. We suspect that depression of phagocytic activity was caused by the changes of some serum components in restrained mice. However, in vitro phagocytic activity of peritoneal macrophages was also sig nificantly suppressed in stressed mice. These results indicate that depression of phagocytic activity was due to both the impairment of the functions of macrophages and the changes in serum components of stressed mice.
We observed the inhibition of N K activity of spleen cells in restraint-stressed mice. However, it is not clear whether this sup pression is attributable to the inhibition of the function or the decrease in the number of N K cells. Recently, it has been demonstrated that there is a close association between large granular lymphocytes (LGL) and NK cells in humans and rats (22) (23) (24) .
We pre liminary examined the LGL contents in stressed spleen cells and observed the decrease in the number of LGL (data not shown).
In recent years, there has been a growing concern regarding the role of environmental and psychologic factors in the induction and growth of malignant tumors. A considerable number of investigators have found that stress exacerbates tumor development in experimental studies using animals. There fore, the influences of stress on the develop ment of cancer must be considered in the course of human therapy.
